Summary: Ninety urine samples were examined twice by 3 "observers" (two persons, using only visual observation, and one person using a spectrophotometric analyser) using multiple reagent teststrips. To determine reproducibility, inter-and intra-observer agreement were calculated and expressed s Cohen's kappa and s weighted kappa.
Performance (4) (5) (6) (7) (8) . Therefore we thought that an Introduction additional evaluation was required.
Urinalysis is very frequently performed in clinical In the evaluation of a diagnostic tool both its diagchemistry laboratories. The test problems for urinal-nostic value and its reproducibility should be deterysis can be divided into two main groups: mined (9) . The diagnostic value is the certainty with -.
. ,. which a positive or negative test result predicts the -microscopic exammation of the unnary sediment , Γ ,.
Ώ Λ ..... . ····*'···-· j presence or absence of a disease. Reproducibility is -examination using multiple reagent test Strips. the extent to which the test leads to the same result . , t j ,. when performed by different analysts using the same The unnary sediment used to be a widely used diag-or different r techniques ( i nter -observer agreenostic tool. However, sediment analysis is s bject to Qr ^ formed b the same anal t (intra . many so rces of errof , and it has a rather low reha-^^ agreement) ' alternative to the analysis of urinary sediment. When The reproducibility of urinalysis can be considered to used with the spectrophotometer it is considered to be good, if repeated testing leads to the same results, be "an ahnost ideal test: simple to perform, quick, and it can be assumed that no real change has ocinexpensive and easy to interpret" (3). The literature curred in the urine sample between the first and last however reveals little information about its diagnostic test.
Changes may result from ageing of the sample (dependent on storage temperature, pH and osmolality). Also, alterations of the test strip itself (expiry date, storage temperature) and Variation through differences in the degree of homogenization of the urine sample may affect test results (10 -12).
Reproducibility is influenced by subjectivity in the grading of the test result and by differences in the execution of the test (13) . In the laboratory, changes in the urine sample and in the reagent test strip can be prevented (2, 14, 15) . Observational errors are much more difficult to control. Therefore, we aimed our study at the influence of observational errors on test reproducibility. In order to measure inter-and intra-observer Variation, we carried out a study, using visual and spectrophotometric reading of mültiple-reagent test Strips for the examination of selected urine samples.
Overall agreement äs a measure of observer Variation has the drawback that even if the observers randomly assign test results, there could still be agreement by chance. The level of this chance agreement depends on the prevalence of positive test results in the study population. We used Cohen's kappa ( ), which is a measure of reproducibility corrected for "agreement by chance" (15, 17) (see appendix).
Coherfs kappa treats all disagreement in the same way, independent of the distance of the test result on the ordinal scale. As one might argue that a measure of reproducibility should take account of the distance between the test results, weighted kappa (K W ) was also calculated (l 8).
Methods
For the purpose of the experiment, all the urine samples collected through inpatient-and outpatient clinics and delivered daily at the department of clinical chemistry of our university hospital were screened, and 90 samples were selected on the basis of a positive reaction for one or more of the following tests: leukocyte esterase activity, nitrite, blood and protein.
In the experiment, a seven-patch test strip for the determination of leukocyte esterase activity, nitrite, pH, protein, glucose, ketone bodies and blood (Nephur-7-RL, Boehringer Mannheim, Almere, the Netherlands) was used for all measurements. The test Strips were used according to the manufacturer's recommendations.
All selected urine samples were examined twice by 3 "observ-r ers":
-an experienced laboratory technician (visual observation) -a non-experienced laboratory-school Student (visual obsefvation)
-a spectrophotometric analyser, Urotron RL9 (Boehringer Mannheim, Almere, the Netherlands).
To prcvent rccognition of urine samples, the sequence of the samples was changed after the first series of measurements, using a list of random numbers. To avoid any influence of "ageing" of the urine sample, the first and second measurement of every urine sample were performed within one hour. All test results were graded äs -, +, -l· + or + H-+ . We adjusted the cut-levels of the spectrophotometric analyser, so that they would match those for visual observation.
For the determination of reproducibility, inter-and intra-observer agreement were expressed äs Cohen's kappa and weighted kappa (16, 18).
Results
Among the selected 90 urine samples, positive test results were obtaiüed for leukocyte esterase activity in 36 samples (40%), nitrite in 13 samples (14.5%), protein in 22 samples (24.5%) and blood in 39 samples (43.5%).
Inter-observer agreement is shown in table 1. Kappa ranges from 0.34 to 0.98. The highest agreement was achieved for the nitrite reaction, the lowest agreement was achieved for the determination of glucose.
The highest average inter-observer agreement (0.81) was achieved by the two "visual" observers. For both the laboratory technician and the laboratory-school Student, agreement with the spectrophotometric analyser was strikingly low, with an average of 0.59 and 0.57 respectively.
Intra-observer agreement is shown in table 2. Kappa varied from 0.57 to 1.0. Again, the highest agreement was achieved for the nitrite reaction, but the lowest agreement was achieved for leukocyte esterase activity.
With a "mean of kappas" of 0.84, the spectrophotometric analyser achieved the highest average agreement. Although only slightly lower, the experienced laboratory technician achieved the lowest average agreement, with a "mean of kappas" of 0.79.
Since test results sometimes varied by more than one category, we also calculated weighted kappa. For inter-observer agreement weighted kappas are shown in 
Discussion
We chose kappa and weighted kappa äs measures for inter-and inträ-öbserver agreement (16-18). They are now accepted measures in the evaluation of reproducibility in clinical medicine. They express the extent that agreement exceeds the agreement achieved by chance. Althoügh there exists no objective Interpretation, kappa under 0.40 is interpreted äs low agreement; kappa between 0.40 and 0.75 is interpreted äs moderate to reasonable agreement and kappa higher thati 0.75 is interpreted äs good agreement (16, 17) . We believe that agreement should be good if a test is to be applied in clinical practice.
The changes that can occur within the urine-sample itself are relatively well known (2,14,15) . Before the experiment, all urine samples were stored below 8 °C.
During the experiment, all urine samples were homogenized before examination and every sample was examined twice by every observer within one hour. In this period, relevant alterations are very unlikely to occur. Therefore, we can presume that varying test results for each urine sample are not caused by alterations within the urine sample itself.
Visual observation on the other hand, in which the amount of experience and education may play an important role, is less controllable. Overall there is only a negligible difference in intra-observer agreement between the two visual observers and the spectrophotometer. Although it is not possible to draw hard conclusions, the data do not show a positive influence of experience on intra-observer agreement.
For the majority of test-pads, inter-observer agreement is not high enough (lower than 0.75). Adequate agreement between the three observers was achieved only for nitrite. There is, however, a remarkable agreement between the laboratory technician and the laboratory-schöbl Student. Their agreement with the spectrophotometric analyser is considerably lower. This striking difference may (at least partly) be explained by the following: Although we adjusted the cut-off levels of the spectrophotometric analyser so that they matched those for visual observation, small differences cannot be ruled out. Obviously, this could only influence inter-observer agreement between the spectrophotometric analyser and both visual observers. It should be realized that the higher inter-observer agreement between the two persons does not mean that their readings reflect the composition of the urine sample more validly than the readings from the spec-: trophotometric analyser. It is quite possible that a good agreement is achieved, despite inaccurate observations, when two observers make the same mistake in the same measurement.
Intra-observer agreement permits insight into the performance of each separate "observer". The highest intra-observer agreement could be expected for the spectrophotometric analyser, which is not impeded by factors like lack of experience, tiredness etc.
Nevertheless, intra-observer agreement for the spectrophotometric analyser is not always perfect.
The performance of the two "visual" observers is hardly worse than that of the spectrophotometric analyser (the mean of kappas is 0.79, 0.81 and 0.84 respectively).
Urinalysis by a spectrophotometric analyser results in only a minor improvement of reproducibility. Our data do not confirm the (generally accepted) assumption that "automation" of urinalysis improves the reproducibility of urine examination.
Perhaps large discrepäücies in the test strip readings should be penalized more harshly than small ones. Therefore, we also calculated weighted kappa. The result was a considerable increase in kappa-values for both inter-and intra-observer agreement. This points to the fact that in general the disagreements did not exceed one category on the ordinal scale.
However, for clinical practice we believe that even such a small disagreement is also important and should not be tolerated.
In general, the kappa-values we calculated demonstrate that reproducibility of urinalysis with test Strips leave room for improvement. How this improvement can be achieved is not yet clear. Our results show that it is not likely to be achieved by using a spectrophotometric analyser. For visual test strip reading it would help if the degree of discoloration of test pads, in particular for leukocyte esterase activity and gluĉ ose, could be enhanced.
Conclusions
Reproducibility of urinalysis by using multiple reagent test Strips is (äs a rule) moderate to good. However, for such a simple test pröcedufe, one should not be satisfied with a reproducibility which is (otily) moderate to good. Intra-observer agreement for spectrophotometric analysis is only marginally higher than intra-observer agreement with visual observation. In view of these small differences, application of a spectrophotometric analyser is not a matter of course.
Further efforts to enhance reproducibility should be encouraged. At present, the results of urinalysis with test Strips is still quite dependent on when, and by whom the reading is performed and on what equipment is used. i.e. =
PC -PC
Kappa can vary from -l up to +1.
A negative kappa means that the agreement is less than that expected from chance. A kappa-value of 0 means that the agreement is equal to the expected chance agreement, and kappa larger than 0 means that the agreement is higher than the expected chance agreement. Weighted kappa also takes into account the severity of the disagreement in observations on an ordinal scale.
Since observers do or do not agree with each other, the proportion of disagreement Q can be seen äs 100% minus the proportion of agreement P, and therefore Q = l-P. 
Qe
Qo is calculated by multiplying every disagreementcell proportion where i 7^ j (Pi2 + ... + Pk-ik + ?2i + ... + Pkk-j) with a weight factor and summing the products. Q c is calculated by summing the products of the proportions for the row and column of every disagreement cell (P,. P 2 + ... + P,. P k + ... + ^ P! + ... + P k . P k-1) and multiplying them with a corresponding weight factor Vy.
When the results of two observations are compared in a cross-table, each cell receives a weight factor (normally the difference raised to the square): v« = (i-j) 2 
.
Weighted kappa is then calculated by the equation:
In this equation, Vy is the disagreement weight, P oij the observed cell proportion for disagreement and P eij is the expected chance cell proportion for disagreement.
